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THE CLINICAL SIGNIFICANCE OF PRECORDIAL LEADS 
IN THE DIAGNOSIS OF HEART DISEASE 
PART II 


The number of precordial leads.—The reason for 
the necessity of more than one precordial lead has 
already been stated. Moreover the patterns obtained 
from neighboring precordial positions should be com- 
pared. By so doing it is sometimes possible to make 


a diagnosis that otherwise could not have been made. . 


Thus, in a series of tracings made with the exploring 
electrode on positions C, to C, inclusive, a T wave 
lower in amplitude in one position than those from 
both adjacent positions, even though it be normal in 
direction, immediately creates the presumption of 
localized myocardial damage. Likewise a Q deflection 
deeper in one position than those of both adjacent 
positions also suggests localized myocardial damage 
when no significance could be attached to it as an 
isolated finding. 

Fairly exhaustive studies have shown that little 
can be discovered by placing the exploring electrode 
on precordial positions other than the C; to C, posi- 
tions inclusive recommended by Wilson. However, 
one may question whether all six precordial leads 
are essential. Leads from both the C, and Cz posi- 
tions, although desirable, are rarely essential. If only 
one lead is made from the right side of the precor- 
dium the exploring electrode may be placed about 
midway between the C, and ©: positions. When the 
heart is normal in size or only slightly enlarged to 
the left, a lead from the C, position is unnecessary. 
However, in cases in which the heart is enlarged, the 
pattern of the C. position may differ considerably 
from that of the C; position and may therefore be 
of value, particularly in exhibiting changes that may 
be produced by hypertension or left ventricular hy- 
sgnag | or both. It would appear therefore that 
four or five precordial leads, depending on the size 
of the heart, should be the minimal number. 


_ The QRS complex.—Precordial leads are far super- 
ior to limb leads for the localization of intraventricu- 
lar conduction defects, principally because the down- 
ward spike of the intrinsic-like deflection recorded 
from the right side of the precordium marks the 
arrival of the excitatory process at the underlying 
anterior surface of the right ventricle and the down- 
ward spike recorded from the left side of the pre- 
cordium marks its arrival at the underlying anterior 
surface of the left ventricle. Each begins in the QRS 
complex from the various positions at which it may 
be recorded at nearly the same time, rarely varying 
im normal hearts more than 0.02 second. In many 
cases both are clearly recorded in the same lead from 
certain midprecordial positions because of differ- 
ences in their time of onset. Under these circum- 
stances one can be followed in leads with the explor- 
ing electrode placed further toward the right and the 
other in leads further toward the left. The ideal 
method for displaying their time relationships is to 
make one precordial lead simultaneously with each 
of the others; for ordinary clinical work a speed of 
photographic paper of 35 to 40 mm. per second is 
adequate. The string or beam must be broad enough 
to record clearly the peaks of the QRS complex. 

» . In fully developed bundle-branch block the ven- 
4 tricle subject to late activation no longer contributes 
§ a typical intrinsic-like deflection to precordial leads 


but is responsible for the late broad deflection that 
prolongs the QRS complex. The ventricle which is 
activated in the normal manner contributes a normal 
intrinsic-like deflection. If, however, in right bundle- 
branch block there is also infarction of the anterior 
wall of the left ventricle, there may be change or 
disappearance of the intrinsic-like deflection nor- 
mally recorded from the left side of the precordium. 
In lesser grades of intraventricular conduction de- 
fect both right and left sided intrinsic-like deflec- 
tions are usually preserved. Under such circum- 
stances one or the other set may fall later than its 
usual time relationship in the QRS complex. The 
criteria useful for the recognition of intraventricular 
conduction defects include (1) the duration of the 
QRS complex and (2) the intervals between the 
peaks of both the right and left ventricular intrinsic- 
like deflections and the beginning and ending of the 
QRS complex. With these data, it is possible to make 
a definite electrocardiographic classification of intra- 
ventricular conduction defects that would really war- 
rant an attempt at correlation with histologic studies 
of the conduction tracts. 

The changes in the QRS complex of precordial 
leads produced by localized destruction of tissue, 
such as that which follows interference with blood 
supply, obviously must depend on the location and 
extent of that destruction. If lesions are limited to 
conduction tracts the changes will be those men- 
tioned previously. If a lesion involves practically the 
entire ventricular wall from endocardium to epicar- 
dium and is located anteriorly, the QRS pattern of 
one or more leads from the overlying precordial area 
will resemble the pattern obtained from a ventricular 
cavity. In lesions that do not destroy the entire thick- 
ness of a part of the ventricular wall, the upward 
component of the intrinsic-like deflection does not 
necessarily disappear but it tends to be decreased in 
amplitude and may be delayed, with corresponding 
delay in the onset of the downward component. If the 
lesion is superficial, as in acute pericarditis, the only 
material change will be that produced by. algebraic 
summation with the injury current which may alter 
the latter part of the QRS complex. Lesions at posi- 
tions other than the anterior surfaces or the an- 
terolateral part of the left ventricle do not usually 
produce significant changes in the QRS complexes of 
precordial leads. 

Changes in the QRS complex of precordial leads 
can be produced by various conditions other than 
localized tissue damage or destruction, notably right 
or left ventricular hypertrophy, but these have not 
yet been thoroughly studied and will therefore not 
be reviewed here. 

The RS-T segment.—The directions of pathologic 
displacement of the RS-T segment recorded in leads 
made with an exploring electrode in close contact 
with a part of the cardiac surface furnish the clue 
to its significance in precordial leads. Pathologic 
positive displacement recorded in patients indicates 
that the region of abnormality responsible for it 
(deprivation of blood supply, inflammation or other 
forms of acute injury) includes the epicardial side 
of the ventricular wall, not necessarily directly under 
the position of the electrode but at least not far 
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away. Pathologic negative displacement suggests 
that the lesion either involves some other part of 
the heart or, if it involves the part of the wall 
directly under the electrode, is limited to its endo- 
cardial side. 

It is unfortunate that no sharp dividing line can 
be drawn between normal and pathologic grades of 
RS-T segment displacement. It is probable that posi- 
tive displacement greater than 3 mm. rarely occurs 
among persons whose hearts are normal. Neverthe- 
less, as can often be demonstrated by serial trac- 
ings, far lesser grades may signify the presence of 
an acute lesion. In case of doubt tracings should be 
repeated; definite change of magnitude of RS-T seg- 
ment displacement is evidence that it is pathologic. 
Following acute infarction slight pathologic RS-T 
segment displacement may persist indefinitely. 

Negative displacement of the RS-T segment in 
leads in which the exploring electrode is placed over 
the middle or the left side of the precordium is far 
commoner than positive displacement and interpre- 
tation offers greater difficulty. Even slight negative 
displacement in CR leads should lead to the suspi- 
cion of abnormality. Negative displacement is occa- 
sionally observed in the early stage of anterior in- 
farction, but is usually converted promptly to posi- 
tive displacement. It is observed in lateral and pos- 
terior locations of infarction of the left ventricle, 
the differentiation usually being possible on the basis 
of the direction of segment displacement in lead II. 
It is frequently present during an attack of angina 
pectoris, in so-called coronary insufficiency, states 
of shock, effects of drugs including digitalis or epine- 
phrine, overactivity of the sympathetic nervous sys- 
tem, hypertensive states, left ventricular hyper- 
trophy without hypertension and the so-called hyper- 
ventilation syndrome. In cases in which the negative 
displacement of precordial leads is due to digitalis 
or the hypertensive state, positive displacement may 
be recorded with an exploring electrode in the eso- 
phagus at the auricular level. This suggests that 
the displacement in the left ventricular cavity is 
positive and that the involvement is chiefly on the 
endocardial side of the ventricular wall. Thus far 
there is no valid evidence against the hypothesis 
that negative variation of potential of the RS-T seg- 
ment is always a secondary effect and that in all in- 
stances positive variation could be demonstrated if 
the exploring electrode could be brought into close 
contact with the region responsible for the displace- 
of the segment. This point requires further investi- 
gation. 

The T wave.—Practically nothing is known with 
certainty about the bio-electric mechanism responsi- 
ble for the T wave. It is probably related in some 
way to the subsidence of the process of activation 
and the return of certain ions from positions assumed 
at the beginning of excitation to the places they 
occupy during the resting stage. In any event the 
mechanism responsible for it is so readily disturbed 
that trivial causes such as drinking cold liquids or 
overactivity of the heart, as well as severe lesions 
such as myocardial infarction, may change its direc- 
tion in an electrocardiogram. The clinical causes of 
_T wave changes have been described so frequently 
that there would be little reason to repeat them in 
detail here; the discussion will be limited to certain 
points that concern precordial leads. 


In leads made with the exploring electrode over 
the right side of the precordium the T wave is often 
normally inverted, sometimes at least as far to the 
left as the C; position; in children the phenomenon 
is even more pronounced and inversion may occa- 
sionally be recorded as far to the left as the C, posi- 
tion. However, in these normals it becomes upright 
as the exploring electrode is moved still further to 
the left; there is no reason for being misled if an 
adequate number of precordial leads is made. The 
reason why T wave inversion is so frequently 
recorded over the right side of the precordium is 
not clearly understood. If it were because right ven- 
tricular endocardial potential is tapped by reason 
of proximity of the exploring electrode to the right 


auricle, one would expect the QRS complex to take 
on more of the characteristics of the endocardial 
pattern, as is the case in esophageal leads. Evidence 
suggesting that electrical activity which produces 
positive T wave potential at the left side of the pre- 
cordial surface in some way exerts an effect to pro- 
duce negative T wave potential at the right side 
will be presented by Wolferth and Livezey. 

As the exploring electrode is moved to positions 
beyond the left border of the heart, the T wave de- 
creases in amplitude. Under these circumstances the 
intrinsic-like deflection also decreases in amplitude. 
Thus decrease in one without corresponding decrease 
in the other as compared with the findings from 
the adjacent position to the right creates a presump- 
tion of abnormality. Most significant of all minor 
changes in T waves, however, is a break in the nor- 
mal pattern of change as the electrode is moved to 
successive positions. So far as I am aware, a T wave 
more deeply inverted at the C; or C, positions than 
at the C. or Cs; positions respectively always indi- 
cates some abnormality. Amplitude less than that 
obtained from adjacent positions on both sides is 
practically pathognomonic of localized abnormality 
or damage. The patterns of T wave change produced 
in precordial leads by digitalis, infarction of the left 
lateral wall, hypertension, left ventricular hyper- 
trophy or by combinations of these factors resem- 
ble each other so closely that differentiation on the 
basis of a single tracing alone without reference to 
clinical data may be impossible. Disastrous errors 
of interpretation are commonly encountered simply 
because the patterns that can be produced by these 
and various other entities are not well enough known 
and therefore changes due to less serious causes are 
confused with those produced by localized myocar- 
dial damage resulting from disease of the coronary 
arteries. 

The data essential for interpretation 

In this discussion an attempt has been made to 
indicate briefly some of the pathologic changes in 
each of the three units of the ventricular complex 
of precordial leads and their correlations with car- 
diac abnormality. An attempt has also been made to 
emphasize the significance of comparisons of the 
characteristics of each of these units in various pre- 
cordial leads. This is the beginning of the road to 
interpretation of precordial leads, which is all that 
could be discussed here. It is only when one has at- 
tained familiarity with the various combinations of 
normal, borderline and abnormal findings which may 
compose an electrocardiogram and the significance 
of these combinations is understood as well as pres- 
ent knowledge permits, that one can arrive at what- 
ever deductions are justified by his data. The final 
step is the correlation of electrocardiographic and 
clinical findings. 

Beginners in electrocardiographic interpretation 
should above all else remember two things. The first 
is that a normal electrocardiogram does not neces- 
sarily exclude the presence of heart disease or ab- 
normality. The evidence of the necropsy table shows 
that unless a lesion is large or favorably located, or 
strategic conduction tracts are involved, electrocar- 
diography has serious limitations. The second is not 
to read more into an electrocardiogram than it 
actually reveals. So-called normal standards are de- 
rived from collections of measurements of the dif- 
ferences between two unknown variables. There are 
many deviations from these empirical standards that 
do not necessarily possess clinical significance. Even 


- those which do possess it are not always produced 


by the same cause, which is the reason why it is often 
necessary to give the clinical aspects of a case most 
careful consideration.* 

CHARLES C. WOLFERTH, M.D. 

Philadelphia, Pennsylvania 
*It is a pleasure to acknowledge, in the absence of a bibliography, 
which to be complete would have required too much space, the 
debt I have incurred in preparing this summary, to numerous 
investigators whose contributions have made possible our present 
knowledge of the subject. I have drawn heavily on the work ot 
the late Sir Thomas Lewis, F. N. Wilson and his co-workers, 
and my long time Colleagues in the study of precordial leads, 
Colonel Francis C. Wood, Mary M. Livezey, Thomas M. McMillan 
and Samuel Bellet. 
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